10. Exploring knowledge-transfer dynamics in a South European region: breadth, intensity and informality of university-industry interactions in Andalusia
INTRODUCTION
Innovation studies and policies are increasingly interested in knowledge valorization of the capabilities available in universities. Although the knowledge reservoir accumulated by the academic sector may have significant value for firm innovation, in many regional environments firms experience significant gaps in turning research results into business, especially in peripheral regions where most firms are small and medium sized and do not work on knowledge-intensive processes. In these regional contexts it is important to take into account the fact that valorization is diverse and occurs through several channels. Knowledgetransfer processes between universities and firms largely exceed the restricted vision of science commercialization that is based on IPR licensing and spin-off creation. Firms draw from universities in multiple ways, including human-resources training, use of university facilities, contract research, consultancy, public-private partnerships, collaborative projects and exchange of personnel, among others. In addition, informal interpersonal contacts are believed to play an important role in university-industry links. Therefore it is especially relevant to investigate the conditions that favour the diversity of contacts and collaborative activities between sectors.
This chapter focuses on the dynamics of knowledge valorization in regional development by exploring a diversified set of interactions between firms and the academic sector. Knowledge transfer is understood here as a diversified process that includes the most science-intensive mechanisms, such as patenting, collaborative projects and research contracts, but also stresses the importance of services and personal interactions.
The study provides evidence of knowledge-transfer flows from the perspectives of both actors involved in the process: firms and research teams. In addition to a detailed description of channels, the analysis pays special attention to several key aspects of the dynamics of knowledge transfer: the breadth of university-industry interactions, the intensity of the interactions and the importance of informal relations. The statistical exploration identifies the main features of firms and research teams that influence these dynamics.
Two surveys representing innovative firms and university research groups in Andalusia have been used as data sources. Andalusia is a large region of Southern Spain with a population and territorial scale similar to some smaller European countries. The regional innovation system is characterized by having a large university system and a diversified productive structure, but also an industrial base with a majority of small firms in lowand medium-tech sectors and services. This region is considered a relevant case for understanding knowledge valorization since it provides a comprehensive vision of the role of universities in a catch-up innovation system.
The chapter is organized as follows. Firstly, some findings in the literature about knowledge transfer are briefly reviewed. Secondly, the methodology is explained, underlining the regional context, the data collection and the definition of variables. Thirdly, results from the econometric analysis are presented. The chapter concludes with some policy implications.
BACKGROUND

Heterogeneity of University-Industry Interactions and Implications for Regional Development
The relevance of knowledge transfer has been underlined in the last two decades by a stream of innovation-related literature that stresses the crucial role of scientific knowledge to economic development. The notions of Triple Helix (Etzkowitz and Leydesdorff, 1997) , Mode 2 of knowledge production (Gibbons et al., 1994) and innovation systems (Lundvall, 1992) share a common vision of contemporary science and innovation where interactions between several actors are required. A relevant linkage is between universities and public research organizations (PROs) 1 on the one side, and firms on the other. Policies are concerned with enhancing the effectiveness of the channels by which universities interact with companies based on the assumption that companies increase innovation by acquiring knowledge from external sources. Nevertheless, the connection between these two worlds is not obvious in many regional environments, especially in peripheral regions where most firms are small and medium sized and do not work on knowledge-intensive processes. In these regions knowledge transfer seldom occurs through commercialization by means of patent licensing and creation of spin-offs. Instead universities are important actors for knowledge valorization in regional economic development. Local firms use the variety of skills, human resources and facilities available in academic organizations to enhance the economic value of their productive processes.
Studies of university-firm interactions show important limitations in addressing the diversity of mechanisms for knowledge transfer in certain regional environments. Theoretical discussions and empirical research in this field are based on approaches that commonly depart from one of the two sides, the firm or the university, and consequently pay attention to different influencing factors. Firstly, universities and firms are very different actors in terms of capacities and motivations. They also act within different institutional spheres and are subject to divergent norms and expectations. The main seam of literature concentrating on the company perspective has been based on the relevance of absorptive capacity. It is assumed that the existence of a critical level in size, cognitive abilities and organizational arrangements specialized in R&D (Cohen and Levinthal, 1990) facilitates the interconnections between the worlds of science and industry. Therefore the interactions between firms and universities are more evident in regions with a significant number of firms working in medium-and high-technology sectors or large companies with their own R&D departments (Saxenian, 1994) . The main seam of studies on university-industry links from the university perspective has focused on commercialization. Many of these studies are rooted in the specific configuration of the social system of science, where publication of research results and acknowledgement by academic peers form the basis for career progression (Merton, 1973 ). An important part of the discussions has been centred on the challenges created by the rise of knowledge commercialization in traditional academic settings. This approach to technology transfer has privileged the observation of certain kinds of knowledge-transfer mechanisms and has diminished the visibility and policy support for other forms (Molas-Gallart et al., 2002) .
Secondly, empirical research on university-industry interactions is also problematic. Many studies do not capture the valorization that arises from knowledge-transfer processes. It has been difficult to obtain data sets reflecting links with SMEs and firms that work in sectors that are not R&D intensive, such as the service sector. Instead many studies are based on firms with R&D departments, large firms or firms in hightech sectors (Escribano et al., 2009) . Empirical studies for observing the variety of channels used by academic researchers also lack adequate data sources. Activities other than commercialization are not easily registered by technology transfer offices (TTOs) or by university administrators. In addition, many of them are carried out informally and are not reported by individual academics.
The limitations of empirical research on university-industry interactions have important implications for regional development, especially for peripheral regions 2 that try to catch up with the productive processes of more developed countries. In these regions the characteristics of both the productive sector and the university system mean that the diversity of channels for knowledge transfer acquires a special significance.
Being a peripheral region means a lack of industrial agglomeration. Peripheral regions are dominated by SMEs operating in traditional sectors. There is a high presence of service-sector companies oriented to the local market whose productive processes do not have a high technological content. There are few firms that are important players in the global technology market. Firms with a significant number of research staff or specialized R&D departments are also scarce. Most of the SMEs in peripheral regions have difficulties absorbing the knowledge available in universities and have limitations in using academic patents and benefiting from research results. Instead many companies find other resources within universities, such us expert knowledge or specialized training that helps them to improve their productive processes. In many regions it is difficult to find consulting companies specializing in hightech or private laboratories to carry out analysis and testing services. Local firms often find the technical assistance they need in regional universities.
On the other hand peripheral regions also tend to concentrate scientific capabilities in universities. The majority of scientists, PhD holders, qualified R&D staff and technological infrastructures are located in the academic sector. Regional innovation policies seek to capitalize on public investment by making available to companies the knowledge reservoir of the academic sector. In these contexts universities must adapt their potential supply to the demand arising from regional companies. Academic researchers who wish to make practical use of their capabilities or need funding from the private sector must be willing to diversify their services. It is also relevant to underline that academic patents available in peripheral regions are usually scarce since the universities have been traditionally oriented to education and publishing.
Therefore in these regional contexts it is crucial to pay attention to the value that the different forms of knowledge transfer may have for enhancing the innovation capacity of firms.
The Shaping of Knowledge-Transfer Dynamics
Discussions on knowledge valorization have highlighted both the importance of the heterogeneity of channels and the diversity of factors that influence the many forms of knowledge transfer. However, empirical studies that link both aspects have not been carried out until very recently. The so-called 'first generation' of studies on university-industry interactions (Guldbransen et al., 2011) has succeeded in mapping the variety of channels. These studies also found a positive relationship between links with universities and firm innovation. A 'second generation' of universityindustry studies has emerged alongside continued attempts to analyse the complex array of relations using data sources specially gathered for observing multi-channel interactions. These studies reflect the heterogeneity, the multiplicity of possible outcomes and the high presence of nonlinear associations that are present in the process (for a review see Larsen, 2011) . Analyses are evolving to a more advanced stage aimed at understanding the various channels through which knowledge transfer takes place and the causal influences that derive from multiple sources.
Recent research has underlined issues of particular importance in increasing the benefits of knowledge transfer. In this study several aspects have been selected because of their special relevance for regional development: the conditions required for bridging the gap by developing an initial contact, the breadth and intensity of interactions between universities and firms, and the relevance that informality has in these interactions.
Firstly, a key issue in making academic resources available to firms is the breakdown of structural separation between the two sectors. The university and business worlds are subject to very different institutional frameworks and incentive structures. While academic work is based on open communication of research results, companies are oriented to the appropriation of knowledge aimed at gaining competitive advantages. Cognitive abilities in both sectors also differ. There is evidence that one of the key determinants for facilitating transfer is previous experience of collaboration (D'Este and Patel, 2007) . Facilitating the start of such relationships is therefore very important. Given that certain features of firms and university researchers contribute to maintaining the structural separation, an important issue is the investigation of the characteristics of both sectors that might actually allow the start of collaboration. These can be interpreted as constituting a threshold: once the first contact is established it can open doors to additional forms of knowledge transfer.
A second important issue is the diversity and breadth of interactions between universities and companies. Literature in this field underlines that the use of different kinds of partnership is an important factor in promoting knowledge transfer. From the company's point of view, participating in different types of relations can help to manage conflict about the orientation of the activities (Bruneel et al., 2010) and creates opportunities for organizational learning due to exposure to both face-to-face interactions and contractual interactions. The breadth of relationships can also generate synergies between different forms of collaboration. Performing a wider range of activities can reinforce the company's ability to detect opportunities with the resources accumulated in academia (Laursen and Salter, 2006) . Seen from the viewpoint of the university, diversity can also lead to higher profits. Liaison with companies in a flexible manner and encompassing a variety of tasks can generate additional financial resources and job opportunities for university graduates. On the other hand the diversity of contacts makes it easier for researchers to exercise a monitoring task that tailors research to the demands of the environment and increases its potential impact (Lissoni, 2010) .
The third important issue is the strength or intensity of interactions. A greater number of contacts, involving either formal agreements or informal support, can contribute to reinforcing the mutual capabilities of companies and universities and increase the chances of profit. An increased number of interactions can create routines for collaboration, increases mutual understanding of benefits and facilitates the identification of common goals. A larger intensity of interactions can be interpreted as evidence that companies and universities have internalized knowledge transfer as a strategic instrument for their work processes (Giuliani and Arza, 2009; Giuliani et al., 2010) .
The fourth issue for facilitating the transfer of knowledge through university-industry interactions is the possibility of maintaining close relationships (Debackere and Veugelers, 2005) . Informal personal linkages can be crucial to improving the effectiveness of formal contracts. Informal relationships have a function that is associated with increased trust between universities and companies (Østergaard, 2009) . Trust is very important in processes with uncertain outcomes. Therefore maintaining informal ties can facilitate an understanding of expectations and also the connection of interests between stakeholders. It also facilitates the exchange of information that is necessary to carry out complex tasks. Finally, the fluidity of informal interactions also helps to build confidence for long-term relationships.
The above knowledge-transfer dynamics can be influenced by many factors that determine the relationship between universities and companies. In the business sector there is evidence of the special importance of the so-called absorptive capacities and business strategy with respect to openings in the search for external knowledge (Lee, 2010) . In academic organizations, crucial factors are associated with a series of individual and institutional characteristics. There is evidence that age, scientific discipline, work organization and the role of TTOs determines the behaviour of university researchers in maintaining links with firms (Audretsch and Aldridge, 2009) . Additionally, there is growing evidence of the importance that geographical location plays for both collectives (Arundel and Geuna, 2004; D'Este and Iammarino, 2010) .
However, research in this field remains confronted with significant challenges. On the one hand there is a lack of specific studies tailored to business and academic groups located in regions in different stages of development, especially in regions that are less knowledge intensive. In the university sector it is also difficult to obtain information from many areas, such as the humanities and social sciences, and to appreciate the organizational features of the work process. On the other hand there are few integrated observations that take into account the specificities and constraints that simultaneously affect the two collectives. The lack of empirical evidence with regard to the chain of influences and different logics of firms and university researchers thus makes it difficult to define clear guidelines for regional innovation policies.
This chapter aims to provide evidence of various forms of knowledge valorization in a peripheral regional context. The strategy of the study is to use a cross-fertilization of perspectives regarding the theoretical basis for selecting dependent and independent variables. To do this, first the variety of channels is described and the most important are detected. An indicator set designed specifically to study the diversity of university-industry interactions is used. Second, the study examines the dynamics of interactions, looking specifically at those factors that reflect the existence of a minimum contact (or the threshold to maintaining a relationship), the breadth, intensity and informality of interactions. Analyses have been designed to detect influential factors that are specific to the university and those that are specific to the company.
METHODOLOGY
Research Site and Data Sources
The empirical site is the Spanish region of Andalusia. Andalusia is a large region in terms of territory and population with more than nine million people, 18 per cent of the population of Spain, and almost 90 000 square kilometres in size. In the last two decades economic growth has been intense. Currently the 75 per cent European Union (EU) average of GDPpc has been surpassed, which places the region in the 'convergence' category for structural funds. From being one of the poorest European regions, Andalusia was able to structure an active network of innovation actors (Pinto et al., 2012) . Nevertheless it remains a disadvantaged region of Spain and Europe in terms of innovation (Pinto, 2009) . Andalusia is an example of a catch-up region in the context of the European Union: historically it has lacked industrial agglomeration, although recently there has been industrial dynamism together with innovation policies that try to facilitate convergence towards more developed economies. Agriculture and tourism are very relevant to the regional economy but other sectors such as food processing, chemicals, automotive auxiliary industries and energy are also important. The industrial base is diversified but dominated by traditional activities and SMEs. The regional university system is made up of nine public universities that employ close to 17 000 professors and researchers (Fernández-Esquinas et al., 2008) , together with 1200 who are part of public research organizations (CICE, 2006) . Most of the research capabilities are concentrated in the public research sector. 3 Using Andalusia as a research site has the potential to contribute to the understanding of knowledge valorization processes in other catch-up innovation systems.
The data sources derive from two surveys of 737 firms and 765 research groups conducted in 2008 and 2009. For the firms survey, a registry of firms produced by regional government agencies was used (Network of Technological Areas of Andalusia -RETA). It comprises 1844 firms that have received some type of public aid for innovation in the period from 1999 to 2005 or that have indicated interest in receiving innovation advice. This source does not represent all firms from the region, only those with a potentially innovative profile. It is therefore assumed that a certain bias arises when compared to the whole industrial sector. 4 Nevertheless this data source is suitable for observing the different patterns of interaction and the possible factors that operate within them because of the diversity of firms included. Firstly, it includes companies with differing innovative capabilities. Manufacturing and service firms are present in low-tech sectors, as well as firms conducting highly scientific activities (for example R&D projects for firms in the aerospace industry). This means that only a relatively small proportion of them have an R&D department. Secondly, it incorporates a broad diversity of sizes, from small family businesses to large firms. Thirdly, companies are not concentrated in industrial centres or technology parks near universities but are dispersed among the diverse urban and rural areas of the region. We therefore consider this source as an 'operative population' which fits the goals of this study since it contains the segment of the productive sector with a higher tendency towards collaboration.
From the above population a sample of 800 firms was selected. The selection was done randomly with a proportional distribution between strata made up of the activity sector and the province where the firm is located. The fieldwork was done through face-to-face interviews at the firms' offices using a professional group of survey takers. When firms declined to participate a substitution sample, chosen randomly using the same criteria, was used. The acceptance rate in the first wave was 76 per cent. The acceptance rate in the second wave was 72 per cent. The total sample included 737 firms.
For the survey of research groups an official registry of the public R&D system was used, including both universities and PROs. Since almost the entire scientific community employed by the public sector is made up of research groups, which are registered in order to receive funding, it is believed that using them as the unit of analysis makes it easier to observe their interactions with the firms. 5 In addition research groups include people from all professional categories, from research assistants to professors, and provide better coverage than a survey targeting individuals. The reference population is made up of 1769 research groups registered in 2006. The regional government provided the names of the group leaders and other basic information.
The sampling used was stratified using proportional allocation based on scientific areas. A simple random selection in each stratum resulted in a proportional distribution of the sample by types of centre. The survey was conducted using a personal interview at the workplace of the group director or, in case of absence, another member assigned by the group director. After two waves of fieldwork 765 groups had responded to the survey. The majority were from universities (89 per cent). With regard to the scientific areas, the sample reflects the distribution of the academic community: there are groups in 'Humanities and Artistic Creation' (28 per cent), followed by 'Health and Life Sciences', 'Technologies' and 'Social Science, Economics and Legal' (all at 13 per cent) and 'Experimental Sciences' (11 per cent). The majority of the groups are mid-sized: between 6 and 10 members (43 per cent) and between 11 and 15 members (24 per cent).
Indicator Set and Descriptive Results for University-Firm Interactions
Departing from a review of the literature on diversity of knowledgetransfer activities, the indicator set considers four groups of variables: (a) R&D activities and formal consulting work, (b) training and transfer of personnel, (c) commercialization activities and (d) other contacts (Table 10 .1). After doing several pre-tests for adapting the multiple possibilities to a questionnaire format, twelve possible types of interaction Non-academic knowledge diffusion activities (**)
-
Notes: * % of research groups and firms that declared they had at least one interaction. ** Participation in workshops, fairs and encounters in co-operation with firms (only for research teams).
Source: Personal elaboration from surveys carried out by IESA (IESA, 2009a (IESA, , 2009b .
were selected. Additionally, in the case of research teams, an 'other' category was added to include non-academic knowledge-diffusion activities since these are more frequent among these groups. For each type of interaction both firms and research groups were asked if they had had this relationship in the previous five years and how many times. This formulation is aimed at contrasting the same activity for each of the two types of actor and allows us to provide a detailed descriptive measurement of the ' diversity' of channels for knowledge transfer. 6 Descriptive results from the survey of firms show that the highest scores are for the informal relations type (32 per cent of the firms indicate that they have these kinds of relations) followed by training of university postgraduates and internships at the firm (27 per cent). This last case is especially relevant since the regional government provides easy access to this kind of training for university postgraduates. Furthermore, it is a common way of discovering future employees and eliminates the pitfalls of personnel selection processes. The rest of the interactions can be divided into three groups (percentage of firms in each relationship and mean for the number of times during the period of reference show the same pattern):
• Consulting activities, joint research projects and training of firm workers by the university are carried out by between 15 per cent and 25 per cent of all firms.
• Between 5 per cent and 15 per cent of firms have participated in contract R&D projects, use of university facilities and personnel exchange.
• Less than 5 per cent of the firms have participated in spin-offs or start-ups, licensing or sale of patents and joint ventures.
Other types of collaborative activities -encompassing participation in meetings, seminars, diffusion, publications and so on -are carried out by not more than 2 per cent of firms.
The importance of training contracts and consulting is worth noting. Exploitation of intellectual property is clearly a minority activity even in those firms that could be considered as the most innovative in the region. Overall 421 (57 per cent) firms state that they have no type of collaboration. 305 (41 per cent) firms say they have some type of collaboration beyond informal relations. Only 11 firms declare having only informal relations, meaning that this indicator shows that the relations are linked to the other activities.
Descriptive results from the research side show a similar structure of links between research groups and firms. Again informal links (45 per cent) stand above the rest. The remaining indicators can be grouped into three categories:
• A high number have carried out technology consulting for firms (38 per cent) and research projects contracted by firms (34.8 per cent).
Groups that undertake joint research projects with firms (30.6 per cent) also stand out, and are in the same proportion as those that organize non-academic knowledge diffusion activities with firms (meetings, conferences, fairs, and so on.) • There is a notable presence of activities related to human resources that flow both ways: specific training by the group for a firm (24.2 per cent), internships for group members in firms (20.4 per cent) and exchange of scientific and technical personnel (12.4 per cent).
• Participation of firms in the exploitation of group patents occurs in 10.1 per cent of the cases, being more common than renting facilities or equipment (8.4 per cent) and the creation of spin-offs or technology companies in collaboration with a firm (6.1 per cent).
425 cases, or 55.5 per cent of the sample, had participated in at least one of the activities, not including informal relations. Only 13 cases declared that they had exclusively informal contacts, while the number of groups that had not participated in any type of relationship was 327 (42.7 per cent).
Dependent and Independent Variables
The four main aspects related to knowledge-transfer dynamics as specified above have been reflected in the transformation of the original sets of variables. The calculations made it possible to prepare appropriate variables for causal analysis. The econometric analysis is intended to understand the process of knowledge transfer in this regional context, starting from the possibility offered by the two data sets to compare the influences of the relevance of several dimensions from companies' and research groups' perspectives. 7 Four dependent variables were constructed for both collectives, with the following interpretations:
• Existence of interactions for knowledge transfer (KT). This is a binary variable that assumes value 1 if the research group or the firm has engaged in any knowledge-transfer activity and 0 if not. This variable can be interpreted as a minimum level of engagement.
The goals of the analysis are to understand the factors that increase the probability of engaging or not in knowledge transfer. Influences from the independent variables reflect the conditions that function as a 'threshold' from which a relationship departs.
• Breadth of interactions (DIVKT). This is a variable that reflects the variety of transfer channels used in relation to the total available channels. The variable has been calculated based on the existence of the referred types of relations in binary form. It has been assumed that value is 0 if a specific channel was not used and 1 if it was used. The variable is constructed by simply summing the binary results for all channels so that each company or research group receives a value ranging from 0, if they have not used any channel, to 11 (12 in the case of research groups) if they have used all available channels. The variable can be interpreted as showing that companies or groups that have used more channels behave more openly in relation to knowledge-transfer activities.
• Intensity of interactions (NUMKT). This is a count variable of the total number of interactions reported. This variable reflects the number of times that the company or research group has participated in knowledge-transfer activities, taking into account all possible types. The variable is the total sum of the number of relations expressed in each channel in the specified period. It can be considered as a measure of the level of engagement. The objective of the analysis is to see whether the presence of certain characteristics in groups and companies increases or decreases the intensity of collaboration in both sectors.
• Informality of interactions (INF). This variable is aimed at appreciating the importance of personal informal relations with respect to the total number of interactions undertaken with the other sector. The variable is the ratio between the number of informal relations and the sum of all interactions. Through the analysis it is possible to compare the importance of the fluidity of personal links over those that require a contractual basis.
Although these four variables are connected they account for different aspects of the process. 8 An example is the relation between the intensity of interactions (NUMKT) and the breadth of interactions (DIVKT). There is a positive association between both variables although the correlation and the graphical analysis suggest that there is a common positive movement up until a certain degree of specialization (Figure 10 .1). After this point the utilization of more diversity of channels is accompanied by a reduction in the number of knowledge-transfer activities, suggesting that companies and research groups may specialize in certain specific channels. The inclusion of these four dependent variables is thus intended to give a more complex understanding of influences on knowledge-transfer dynamics.
The set of independent variables was constructed to verify the main determinants in university-firm interactions according to literature in this field. Detailed information on all independent variables is included in the appendix. The variables included in the analysis are the following:
For the companies, the variables pay attention to five dimensions: structural characteristics of the firm (performing manufacturing activities, belonging to business groups, age of the company and number of employees); absorptive capacity (proportion of employees with higher education background, export intensity, existence of internal R&D departments and investment in training); innovation performance (participation in innovative activities and registration of patents); institutional features of knowledge transfer (maturity of relations with universities, strategic importance given to knowledge transfer for competitiveness, relevance of the TTO for establishing relations with universities); and geographical context of the company (location in a science park, geographical proximity to a university, proximity to high-tech multinationals and integration within a cluster).
For the research groups, the independent variables focus on the following dimensions: structural characteristics of the group (specific scientific domains, age of the group); capacity of the group (total number of researchers and staff qualifications); internal dynamics of the R&D work (centralization of decision processes, R&D budget and financing coming Source: Personal elaboration from surveys carried out by IESA (IESA, 2009a (IESA, , 2009b .
Figure 10.1 Relation between the intensity and the breadth of knowledgetransfer activities in companies and research groups
from private sources); institutional features of knowledge transfer (importance given to knowledge-transfer activities, maturity in contacts with companies, relevance of TTO for establishing relations with firms); and the group's external interactions (previous relations with firms, existence of contacts outside the region and relations with large firms).
EXPLORING THE DETERMINANTS OF KNOWLEDGE-TRANSFER DYNAMICS
Econometric findings support many of the influences suggested by current research, but in this study a number of specific patterns as well as some contrasts between knowledge-transfer dynamics in companies and research groups can be found. Table 10 .2 summarizes results regarding the four independent variables (KT, DIVKT, NUMKT and INF) by comparing independent variables that are common to both companies and research groups. The values of coefficients resulting from the count models have been grouped in the cells. This comparison creates a mirror image facilitating an evaluation of the aspects that are relevant and suggesting the specific factors on both sides that may be targeted by specific policies.
Regarding the existence of interactions, for both collectives the engagement with external organizations outside the region and the value given to the relationships with other sectors are important inducers for starting contacts. Specifically for firms, employees' qualifications and previous experience are crucial dimensions. For research groups, age is a significant variable for engaging in knowledge-transfer activities. The role of the technology transfer office is substantially more important to research groups than to firms. This result suggests that bridging the gap is associated with openness and the valorization of these activities, adequate qualifications among firms' workers and critical mass in the number of researchers in the research group.
Regarding the breadth of relationships, most of the variables affect both firms and groups: the existence of previous relations, the role of the TTO, relations with other actors outside the region and the value attributed to knowledge-transfer activities. Nevertheless some variables operate in a different way in both collectives: the size of the research group and the number of years since the first contact are important for groups, but not for firms. In contrast, the qualifications of human resources are important for firms, but not for groups. TTOs are important actors for facilitating fluid and diversified contacts, as reflected in the breadth variable. TTOs are also relevant for research groups' first contacts, as reflected in the variable for a minimum contact. Nevertheless they are not relevant for firms' first contacts. Interface organizations are therefore an important inducer for groups to obtain more diversified links, although the institutional aspects are not relevant for the firm sector.
Regarding the intensity of interactions, in general the same pattern can be found as for breadth in most of the independent variables. Nevertheless the number of years since the first contact is important for companies but not for research groups. In addition, relations with other actors outside the region are less important than the pattern shown for the breadth of interactions. Intensity reflects a different pattern regarding the building of trust that is associated with repeated long-term relationships. These long-term relations seem to be a condition for involvement in intense interactions. In addition, intensity is not associated to contacts outside the region. This situation may suggest that companies rely on certain knowledge-transfer processes that are regularly undertaken with regional universities but not with other external actors.
Finally, the influences detected on the variable reflecting informality do not provide a clear pattern. The existence of previous relations is again significant for both companies and research groups to increase informality. The importance of interactions for competitiveness is the main variable associated to informality for both companies and groups. The relevance that knowledge-transfer valorization has for the internal work processes seems to be an inducer for the increased importance of personal and fluid relations. Table 10 .3 summarizes the same four dependent variables but this time only the specific independent variables for both companies and research groups have been selected. For companies specifically, most of the influences are associated to breadth and intensity. The existence of a minimum level of knowledge-transfer activities is associated to localization in a science and technology park. Breadth, or a broader utilization of channels, is positively related with export capacity. Breadth is also associated with innovative activities in firms. Intensity is associated to export behaviour, investment in innovative activities and localization in science and technology parks. Finally, the only specific variable that seems to have a statistically significant coefficient in informality is investment in the training of employees. This has a negative impact in the degree of informality. Interestingly some of the results show the association of firms' innovation performance with some of the knowledge-transfer dynamics. Producing a product innovation for the market in the last five years is associated positively with breadth and intensity but not with the existence of a minimum contact or with the degree of informality. These results therefore reinforce the evidence about the benefits of diversity of channels for enhancing innovative capabilities. Symbols: see Table 10 .2.
Source:
Personal elaboration from surveys carried out by IESA (IESA, 2009a, 29b) .00
For research groups specifically, the existence of knowledge-transfer activities seems to be related with the freedom of decision making in research. Breadth is related to decentralized leadership also, and to certain scientific specialties: primarily experimental sciences and technologies and natural and life sciences. Intensity is associated mostly to decentralized leadership and economic resources coming from the R&D sector. The influences on informality are again weaker and less clear. As Heinze et al. (2009) have underlined, complementarities of competencies and leadership in research are determinants that deserve attention. In this case, there is statistical evidence that freedom of individual researchers can be important not only to the engagement in knowledge transfer but also to increasing the number of relations and the degree of informality of these relations.
There is also some evidence that groups from natural and life sciences have more propensity to knowledge transfer than other scientific areas. This is particularly visible in the breadth of channels used but not so much in terms of intensity. Finally, the fact of research groups obtaining an important part of the budget from private sources is clearly associated to intensity, and not so much to the other dynamics. A relevant association is that breath and intensity is not connected positively to co-operation with large companies, but rather the opposite, which reflects the importance of links with SMEs in the regional context.
CONCLUSIONS AND POLICY IMPLICATIONS
The empirical observations have shown that university-firm interactions are a crucial dimension of knowledge valorization. The diversity of mechanisms and activities is relevant to stimulating the acquisition of regional firms' capabilities. Comparing specific observations from research groups and companies on different channels and influences provides evidence about the real dynamics of knowledge transfer.
Firstly, descriptive results show the presence of a broad set of knowledge valorization processes in this peripheral region. Personal contacts are the most frequent interactions for both firms and research groups, although personal contacts are not maintained alone but are linked to other specific activities. Other relevant links are related to human resources and to R&D services. Commercialization does exist although it is limited to a small group of universities and firms. These results suggest that valorization of university resources should be a first step to increasing the knowledge base of firms, and that enhancing both informal activities and absorptive capacities can lead to a more effective way of commercializing knowledge.
Secondly, the estimated models confirm the existence of significant differences between the variables that impact on knowledge-transfer dynamics from the perspective of a company and that of a research group. The analysis shows that absorptive capacities are not the only determinants, but also the strategies and the openness of both actors, together with the existence of fluid personal relations.
These results are not easily generalized to other regional contexts because knowledge transfer is a process that is not only highly dependent on capabilities available in companies and research groups but also on institutional architectures and territorial resources. Nevertheless the case of the Spanish region of Andalusia can provide some insights into the policy implications for enhancing knowledge transfer in regions with similar socio-economic profiles.
Perhaps the most relevant implication from the point of view of the companies is that breadth and intensity of interactions are clearly associated to innovation capabilities and to the orientation of the firm outside the regional market. In addition, some basic features of firms are related to the qualifications of human resources. Location in geographical parks and the firm's productive processes are also important for bridging the gap, as well as for enhancing intensity and diversity. This suggests that regional governments should diminish the barriers by creating the conditions that act as a threshold and at the same time they should facilitate the existence of multiple and diversified contacts. From the academic perspective the main implications are related to the existence of a minimum critical mass in the organizational units that perform research. This means that individual professors or small groups usually have difficulty engaging in knowledge transfer. The other important implication is related to the institutional environment, in particular the help provided by TTOs for all possible channels, not only some of them, together with the capacity of academic researchers to act in a decentralized way. It is important to underline that the development of specific instruments to stimulate these activities are required from each side. Current policy instruments should address knowledge-transfer dynamics not as a homogeneous process but as a context-dependent process influenced by specific features of companies and academic collectives.
of Andalusia. The data for this study are part of the project 'Conditioning factors for the generation and use of scientific knowledge in the regional innovation system on Andalusia' (grant ref. SEJ-2005-801) . NOTES 1. In the interest of clarity the term 'university' is used to mean both higher-education establishments and other public research organizations that have the production of scientific knowledge as one of their main missions. 2. The notion of a peripheral region is associated here with the lack of industrial agglomeration that creates a gap in the economic capacity of more developed regions. The causes of these trajectories may be diverse. In this chapter, we refer to catch-up regions that historically did not have an intense industrialization process and were late in integrating the knowledge economy. In these regions industrial dynamics are different from industrialized settings that have suffered industrial decline and symptoms of structural crisis (Abramovitz, 1986) . 3. Investment in the acquisition of scientific capacity during the 1980s and 1990s has led to the concentration of a large part of regional R&D resources in universities (universities account for 45 per cent of R&D expenditure, while 61 per cent of researchers in the region are employed by universities). PROs account for 10 per cent of the expenditure. These consist mainly of CSIC institutes, hospital units and agricultural research institutes. An important change has occurred as a result of the reorganization of R&D and higher education policy in 2003 aimed at orienting universities towards firm innovation. Andalusia is a good example of the rapid transition from traditional policies based on a linear model of innovation to policies aimed at interaction between the public administration, the educational system and industry (CICE, 2006) . 4. We must point out that the bias is only in one direction. The majority of small firms in low-technology sectors of the region are not represented. However, almost all of the technology-intensive firms as well as those that carry out significant R&D activities, from the very large to the very small, have received public aid (meaning at least tax breaks) and therefore are included in the data file that we use as our source. 5. The registry of research groups covers more than 90 per cent of the scientific community in the public sector. Researchers that are part of bodies outside of the public sphere or those that do not realize year on year activities in said groups are not included in the registry. 6. Analysis for testing the validity of the indicator set and more extensive descriptive analysis using the same data sources can be found in Ramos-Vielba and Fernández-Esquinas (2010). 7. The estimated models have been analysed in terms of their general capacity to explain the processes, significance of the coefficients, characteristics of the residuals and autocorrelation. The ordinary least squares (OLS) estimator is commonly considered the best linear unbiased estimator. But with the characteristics of the dependent variables the efficiency of the estimates of this estimator is poor compared with alternative methods. PROBIT estimation was used in the case of variable KT. In the case of NUMKT, INF and DIVKT, dependent variables that are count scores of non-negative integers, from zero to many, a count model approach was used. The problem of over-dispersion required the comparison of a Poisson model with a negative binomial (Cameron and Trivedi, 1998) . Negative binomial representation was always superior to a Poisson model for the available data. Because of the high number of zeros in the observations the zero-inflated model was also compared with a negative binomial using the Vuong test available in Stata 10.0. Vuong (1989) developed non-nested model tests that were adapted (Greene, 1994; Long, 1997) . In general the negative binomial was the estimator that better suited the data. The negative binomial estimator has been widely used in count models in innovation studies at least since the time of the influential study using patent data by Hausman et al. (1984) . In the case of INF, as this variable was not a true count data variable but a transformation, a Tobit specification was performed as a confirmatory method. OLS models were always calculated as indicators to check the overall robustness of the results and to support the analysis of the correct signal of the coefficient. 8. To provide a descriptive overview, for companies the rate of minimal engagement in knowledge-transfer activities is 40 per cent, the mean value for breadth is 1.29 (out of eleven), and the mean value for intensity is 6.94, with the level of informality at 8 per cent. For research groups the level of engagement is 55 per cent, the mean value for breadth of interactions is 2.5 (out of 12), the mean value for intensity is 1.6 and the level of informality is 11.3 per cent. 
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